The taxonomic status of an unknown actinomycete isolated from a sand-dune soil was established using a polyphasic approach. Isolate S186
The genus Nocardiopsis was proposed by Meyer (1976) on the basis of chemotaxonomic and morphological characteristics. At the time of writing, the taxon encompasses 24 recognized species (Li et al., 2006) , which form a distinct clade within the evolutionary radiation occupied by members of the family Nocardiopsaceae (Rainey et al., 1996; Cui et al., 2001; Kroppenstedt & Evtushenko, 2006) . Nocardiopsis strains are frequently isolated from saline and alkaline soils (Li et al., , 2006 Hozzein et al., 2004) , but have also been recovered from an alkaline slag dump (Schippers et al., 2002) , clinical material (Yassin et al., 1997; Mordarska et al., 1998) , indoor environments (Peltola et al., 2001) , the atmosphere of a composting facility (Kämpfer et al., 2002) and a marine sediment (Sabry et al., 2004) . In the present polyphasic study, an actinomycete isolated from a sand-dune soil was shown to represent a novel species of the genus Nocardiopsis.
Strain S186
T was isolated on an M1 agar plate (Mincer et al., 2002) that had been inoculated with a suspension of a sand-dune soil (with a pH of 7.8), collected from Borg Al-Arab, Egypt, and incubated at 28 u C for 14 days. The isolate was maintained on modified Bennett's (Jones, 1949) and yeast extract-malt extract (ISP medium 2; Shirling & Gottlieb, 1966) agars at room temperature and as glycerol suspensions of hyphae and spores (20 %, v/v) at 220 u C. Biomass for chemotaxonomic and molecular systematic studies was derived from a 7-day-old modified Bennett's broth (Jones, 1949) shake culture incubated at 28 u C, harvested by centrifugation and washed twice with distilled water.
Extraction of chromosomal DNA, PCR amplification and direct sequencing of the 16S rRNA gene from isolate S186 T were achieved using established procedures (Chun & Goodfellow, 1995) . The resultant sequence was aligned manually with the corresponding sequences of strains classified within the family Nocardiopsaceae, as retrieved from the GenBank/EMBL/DDBJ databases using the pairwise alignment option and 16S rRNA secondary structure information held within the PHYDIT program (available at http://plaza.snu.ac.kr/~jchun/phydit/). Phylogenetic trees were inferred using the least-squares (Fitch & Margoliash, 1967) , maximum-likelihood (Felsenstein, 1981) , maximum-parsimony (Kluge & Farris, 1969) and neighbour-joining (Saitou & Nei, 1987) tree-making algorithms from the PHYLIP suite of programs (Felsenstein, 1993) . Evolutionary distance matrices were generated for the least-squares and neighbour-joining methods as described by Jukes & Cantor (1969) and the resultant unrooted tree topologies were evaluated in a bootstrap analysis (Felsenstein, 1985) of the neighbourjoining dataset (based on 1000 resamplings) using the CONSENSE and SEQBOOT options from the PHYLIP package. A comparison of the sequence of S186 T with those of representatives of genera classified within the family Nocardiopsaceae showed that the isolate fell within the evolutionary radiation occupied by the genus Nocardiopsis (data not shown). The 16S rRNA gene sequence similarity between strain S186
T and the type strains of Nocardiopsis species ranged from 94.2 to 96.9 %.
Chemosystematic studies were carried out to establish whether isolate S186
T had a chemical profile consistent with its assignment to the genus Nocardiopsis. Standard procedures were used to extract and analyse the isomeric forms of diaminopimelic acid (Staneck & Roberts, 1974) , the whole-organism sugars (Hasegawa et al., 1983) , the muramic acid type (Uchida et al., 1999) , the isoprenoid quinones (Minnikin et al., 1984; Collins, 1994) , the polar lipids (Minnikin et al., 1984) and the fatty acids (Sutcliffe, 2000) . The isolate was characterized by the following: the presence of meso-diaminopimelic acid, galactose and glucose in whole-organism hydrolysates (wall chemotype III, according to Lechevalier & Lechevalier, 1970) , Nacetylated muramic acid, tetrahydrogenated and hexahydrogenated menaquinones with 10 isoprene units as the predominant isoprenologues (menaquinone type 4C2; according to Kroppenstedt, 1985) and the presence of phosphatidylcholine, phosphatidylmethylethanolamine, diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol, phosphatidylinositol mannosides, two uncharacterized glycolipids and two unknown phospholipids with high R F values (above that of diphosphatidylglycerol) as major polar lipids (phospholipid type III, according to Lechevalier et al., 1977) . The fatty acid profile was dominated by iso-/anteiso-branched and 10-methylbranched fatty acids. The principal components were 14-methylpentadecanoic acid (iso-C 16 : 0 , 34 %), 10-methyloctadecanoic acid (tuberculostearic acid; 10-methyl C 18 : 0 , 17.3 %) and 14-methylhexadecanoic acid (anteiso-C 17 : 0 , 14.6 %), though smaller proportions of iso-heptadecanoic acid (iso-C 17 : 0 , 7.4 %), iso-octadecanoic acid (iso-C 18 : 0 , 4.0 %) and 10-methylheptadecanoic acid (10-methyl C 17 : 0 , 4.8 %) were detected (fatty acid type 3d, according to Kroppenstedt, 1985) . All of these chemical properties are consistent with the classification of the isolate in the genus Nocardiopsis (Grund & Kroppenstedt, 1990; Kroppenstedt, 1992; Kroppenstedt & Evtushenko, 2006) . It is apparent from Fig. 1 T (96.7 %). DNA-DNA relatedness experiments were not carried out between isolate S186 T and its closest phylogenetic neighbours, as the type strains of most of the latter share higher 16S rRNA gene sequence similarities, but have levels of DNA-DNA relatedness well below the 70 % cut-off point recommended for the assignment of strains to the same genomic species (Wayne et al., 1987) . The type strains of N. baichengensis and N. halophila, for example, share a 16S rRNA gene sequence similarity of 99.9 % but have a DNA-DNA relatedness value of only 55.9 % (Li et al., 2006) . Similarly, the type strain of N. composta shares 16S rRNA gene sequence similarity of 97.5 and 97.4 % with the type strains of N. halophila and N.
chromatogenes, respectively, but shows DNA-DNA relatedness of 0 % with respect to these strains (Li et al., 2006) .
The cultural properties of the isolate, notably the aerial spore-mass colour, the pigmentation of the substrate mycelium and the colour of any diffusible pigments, were recorded on tryptone-yeast extract, yeast extract-malt extract, oatmeal, inorganic salts-starch and glycerolasparagine agars (ISP media 1 to 5, respectively; Shirling & Gottlieb, 1966) after 2 weeks at 28 u C; colours were recorded using the National Bureau of Standards Color Name Charts (Kelly, 1958; National Bureau of Standards, 1964) . The arrangement of undisturbed hyphae, notably aerial hyphae and spore chains, was observed on modified Bennett's agar (Jones, 1949) after 15 days at 28 u C, using the cover-slip technique of Kawato & Shinobu (1959) . Growth on the cover-slips was fixed and examined as described by Zhou et al. (1998) . Additional morphological properties were determined by examining a gold-coated dehydrated preparation with a Cambridge Stereoscan 240 scanning electron microscope, using the procedure described by O'Donnell et al. (1993) .
The strain grew well on all of the ISP media, producing a pale-yellow to deep greyish-yellow substrate mycelium that carried white aerial hyphae; diffusible pigments were not produced. Well-developed, branched substrate hyphae that fragmented into coccoid and rod-shaped elements were produced. Long, straight spore chains (with 10-20 spores per chain) were borne on aerial hyphae. The spores were rod-shaped, of variable length (0.7-1.5 mm) and had smooth surfaces.
Isolate S186
T was examined for a range of phenotypic markers, using standard procedures (Gordon & Mihm, 1962; Williams et al., 1983) . Gram and Ziehl-Neelsen's stains were applied to cells grown on modified Bennett's agar (Jones, 1949) for 7 days at 28 u C. The hanging drop method was used to test for motility. The results are given in Table 1 and in the species description. It is evident from Table 1 that strain S186
T can be distinguished from the type strains of its closest phylogenetic neighbours using a combination of phenotypic features.
It can be concluded from the genotypic and phenotypic data that isolate S186
T is phylogenetically distant from its neighbours and distinguishable from them on the basis of its phenotypic properties. Therefore S186
T represents a novel species of the genus Nocardiopsis, for which the name Nocardiopsis arabia sp. nov. is proposed.
Description of Nocardiopsis arabia sp. nov.
Nocardiopsis arabia (a.ra9bi.a. L. fem. adj. arabia pertaining to Arabia, referring to the isolation of the type strain in Egypt).
Aerobic, Gram-positive, non-acid-alcohol-fast, non-motile actinomycete. Forms a branched substrate mycelium that fragments into coccoid and rod-shaped elements. Aerial hyphae differentiate into straight to flexuous chains of rodshaped spores (0.7-1.5 mm) with smooth surfaces. Paleyellow to deep greyish-yellow substrate mycelium that carries white aerial hyphae is formed on ISP media 1-5. Diffusible pigments are not produced. Grows between 10 and 40 uC (optimally around 28 uC). Hydrolyses aesculin but not arbutin. Degrades casein and hypoxanthine, but not adenine, guanine, tyrosine, uric acid or xanthine. DArabinose, meso-erythritol, D-salicin and trehalose (all at 1 %, w/v) are used as sole carbon sources for energy and growth, but L-arabitol, melezitose and xylitol (all at 0.1 %, w/v) are not. Similarly, sodium pyruvate and sodium succinate (all at 0.1 %, w/v) are used as sole carbon sources, but sodium malonate (at 0.1 %, w/v) is not. Growth occurs in the presence of NaCl at 0-15 %, w/v (optimally around 5 %). Additional phenotypic properties are shown in Table  1 . Whole-organism hydrolysates contain meso-diaminopimelic acid and the sugars galactose and glucose. The major polar lipids are diphosphatidylglycerol, phosphatidylcholine, phosphatidylglycerol, phosphatidylinositol, phosphatidylinositol mannosides, phosphatidylmethylethanolamine, two unknown glycolipids and two unknown phospholipids with high R F values (above that of diphosphatidylglycerol). The major menaquinones are MK-10(H 4 ) and MK-10(H 6 ); minor amounts of MK-11(H 6 ) and MK-9(H 4 ) are present. The major fatty acids are iso-C 16 : 0 , tuberculostearic acid (10-methyl C 18 : 0 ) and anteiso-C 17 : 0 ; iso-C 17 : 0 , iso-C 18 : 0 and 10-methyl C 17 : 0 are present as minor fatty acids.
The type (and only) strain, S186
T (5CGMCC 4.2057 T 5DSM 45083 T ), was isolated from a sand-dune soil collected at Borg El-Arab, Egypt.
